, making it more difficult to identify the precise role of asphyxia in causing brain damage. The present study was undertaken in a set of neurologically abnormal babies with a history of fetal distress in labour, to find out whether the types of neurological signs exhibited by such babies have any bearing on their outcome in later infancy or childhood.
It has long been known that perinatal asphyxia sometimes causes brain damage but there is uncertainty about the sequence of events and prognostic value of abnormal neurological signs exhibited by newborn babies with a history of intrapartum or birth asphyxia. With advances in neonatal care the outlook for babies surviving severe perinatal asphyxia appears to have improved (Scott, 1976; Thomson et al., 1977) , making it more difficult to identify the precise role of asphyxia in causing brain damage. The present study was undertaken in a set of neurologically abnormal babies with a history of fetal distress in labour, to find out whether the types of neurological signs exhibited by such babies have any bearing on their outcome in later infancy or childhood.
Methods
Subjects. Newborn babies, 37 to 44 weeks' gestational age, with a history of fetal distress, were diagnosed as severely neurologically abnormal in the early newborn period by colleagues working at the same hospital, because of the unequivocal presence of abnormal tone (hypertonia or hypotonia), irritability on handling (marked increase in spontaneous activity with alteration in respiration, or crying), a 'cerebral' (high-pitched) Birthweight. The relationship of birthweight to gestational age was studied using charts constructed by Milner and Richards (1974) . 564 Birth scores. The condition of the babies at birth was assessed by using a subset of the Apgar scoring method (De Souza et al., 1975) . The scores of 0, 1, or 2 were given, respectively, if respirations were absent, gasping, or regular; if heart-rate was undetectable, < 100 or > 100 beats/min; and if colour was whitish, bluish, or pinkish. Therefore a maximum score of 6 or a minimum of 0 was possible.
Neurological examination. This was carried out in accordance with the methods of Prechtl and Beintema (1964) for babies, and Paine and Oppe (1966) for older children. If a visual or a hearing impairment was suspected the child was referred to the departments of audiology or ophthalmology for further assessment. The children have been followed up for between 2 and 5 years. Each child was given an overall rating on a 4-point scale according to the presence and severity of neurological abnormality and resulting handicap (Rutter et al., 1970; Thomson et al., 1977 Clinical conditions in the newborn period. The clinical conditions in the newborn period are shown in Table 3 . These conditions were observed in 7 of 53 babies with a history of fetal distress, but in none of the 53 controls. Two babies classified in this table as 'hypoglycaemic' had blood glucose levels <1I 2 mmol/l (22 mg/100 ml); correcting this hypoglycaemia produced no change in neurological signs. The low blood glucose level was found in a routine test and was corrected immediately. The two hypocalcaemic babies had serum calcium levels of 1 0 mmol/l (4 mg/100 ml) or 1 2 mmol/l (4-8 mg/100 ml). The one baby with infection had radiological evidence of pneumonia, and bacterial pathogens were cultured from blood specimens and throat swabs. An exchange transfusion was carried out on one baby because of jaundice (serum bilirubin 300 ,umol/l (17-5 mg/100 ml) associated with severe bruising caused by a breech delivery. The one baby with hyponatraemia had a serum sodium level of 118 mmol/l (118 mEq/l).
Neurological characteristics in the newborn period. Thirty-nine babies wete referred to one of us (S.W.De S) on the first, 10 on the second, and 4 on the third postnatal day because of a severe neurological abnormality. In the case of neurologically abnormal babies daily neurological examinations were carried out for a 10-day period, but in the case of control babies the examinations extended only to the date of discharge. In 6 babies with a neurological abnormality, in whom signs persisted beyond 10 days, daily observations were carried out until these babies were discharged. The neurological signs exhibited by these babies are shown in of the 19 apathetic babies, after a 2-to 3-day period, exhibited hyperexcitability and extensor hypertonia. The remaining 12 babies continued to exhibit apathy. Thus during a 10-day period these 19 babies exhibited either apathy alone or apathy initially, but subsequently hyperexcitability and extensor hypertonia. Thirty-five babies exhibited hyperexcitability and flexor hypertonia. Only 2 babies had normal tone but they also had convulsions for between 2 and 3 days. Three types of convulsions were observed. These consisted of tonic extension of the trunk and limbs with the baby assuming the decerebrate posture, wide amplitude clonic movements affecting the arms or legs and the face sometimes twitching rhythmically, or myoclonic jerks which occurred in one arm or leg.
A significantly (P<0-01) higher frequency of convulsions, apnoea, bulging anterior fontanelle, and tube feeding were observed in babies exhibiting apathy initially but hyperexcitability and extensor hypertonia subsequently, than that in the remaining babies with a history of fetal distress (Table 4) . These conditions were observed in all 7 babies exhibiting apathy initially but subsequently hyperexcitability and extensor hypertonia, but in only 17 of 46 babies with other types of neurological status.
The duration of these neurological signs is shown in (Table 3) . None of these factors was found to be of predictive value.
Neurological status in the newborn period in relation to neurological abnormalities in later childhood. After discharge from hospital all babies were followed up for between 2 and 5 years. Neurological abnormalities were observed in the fetal distress group (Table 6 ), but not in the controls. Forty-two (78%) of 53 children with a history of fetal distress in whom neurological status had caused concern in the newborn period showed no neurological abnormality at follow-up. Seven (14 %) children had a slight or doubtful abnormality which included squints, febrile convulsions, a head circumference greater than the 90th centile (Westropp and Barber, 1956 ) between 1 and 9 months of age, hyperactive behaviour, or minor degrees of motor dysfunction. Three (6%) children showed definite abnormalities but no handicap-I child with epilepsy and 2 with nerve deafness. (Berendes, 1975 )-but there is still uncertainty about the precise role of asphyxia in causing these conditions since most babies surviving severe asphyxia do so as normal children (Fraser and Wilks, 1959; Benaron et al., 1960; Scott, 1976; Thomson et al., 1977) . There are several other perinatal conditionssuch as prematurity, intrauterine growth retardation, apnoeic attacks, hypoglycaemia, or hyperbilirubinaemia-that may also increase the risk of handicaps in childhood. In the present study a higher proportion of babies with a history of fetal distress were born by an abnormal delivery. Some ofthese deliveries-by Keillands forceps, by ventouse, or by the breech-may be traumatic to the fetus, causing in some such fetuses tentorial tears, or brain-stem or spinal cord injury (Yates, 1959; Towbin, 1960; De Souza and Davis, 1974) .
Although neurological examinations in newborn babies are time-consuming the information obtained, by using a standardised method (Prechtl and Beintema, 1964) for term babies, has proved useful in building up a picture of the kind of baby who is more likely to be neurologically abnormal at follow-up. Two previous studies (Brown et al., 1974; Thomson et al., 1977) have reported a higher incidence of feeding difficulties, persistent vomiting, convulsions, hypothermia, a high pitched cerebral cry, or abnormal muscle tone in the newborn period, in children who manifested neurological abnormalities. In the present study there was an increased incidence of similar conditions in newborn babies who were initially apathetic but were subsequently hyperexcitable and had extensor hypertonia. As these babies probably had a greater severity of illness than the remaining ones that exhibited other types of neurological characteristics they also had the worst outcome. It was not possible to identify any factor in their antecedents that could predict with certainty why a poor outcome accompanied 3 out of 7 of these babies.
It has been suggested that the likelihood of permanent brain damage should be seriously considered in babies with a history of cardiac arrest of more than 5 minutes' duration (Steiner and Neligan, 1975) , or when spontaneous respiration is not established by 30 minutes of age (Scott, 1976) . Steiner and Neligan (1975) have reported that one of 14 babies with a history of cardiac arrest for 5 minutes or less, and 4 of 12 babies with a history of cardiac arrest of more than 5 minutes' duration, manifested quadriplegia or deafness in later childhood. More recently, in a study on the outcome of severely asphyxiated babies, Scott (1976) reported that 2 of 12 babies who had taken 30 minutes or less, and 4 of 11 babies who had taken more than 30 minutes to establish spontaneous respiration were handicapped in later childhood. It is worthy of note that these differences are not statistically significant. The predictive value of cardiac arrest or delay in establishing spontaneous respiration at birth remains unresolved. In the present study, one of 46 babies with a history of having taken less than 30 minutes, but none of 7 that had taken more than 30 minutes to establish regular respiration at birth, was handicapped in later childhood. The one baby with a history of cardiac arrest, lasting 4 minutes, had a favourable outcome.
